Introduction
Diabetes mellitus is a chronic progressive metabolic disorder characterized by hyperglycemia condition due to defects in insulin secretion, insulin action, or both. World Health Organization estimates that more than 346 million people worldwide have diabetes. This number is likely to more than double by 2030 without any intervention. Almost 80% of diabetes deaths occur in low and middle-income countries [1] . Type 2 diabetes is the predominant form of diabetes and accounts for at least 90% of all cases of diabetes. Type 2 diabetes is a heterogenous disorder caused by a combination of genetic factors related to impaired insulin secretion and insulin resistance and environmental factors such as obesity, over eating, lack of exercise, and stress as well as aging [2] . One of the established therapeutics to treat type 2 diabetes is to control blood glucose levels after eating. Decreased blood glucose levels after eating can be done with delaying the absorption of glucose by inhibiting the enzyme α-glucosidase activity. With the presence of these inhibitors, digestion time becomes longer and absorption of glucose in the body can be slowed so very high glucose levels after eating can be controlled.
Marine gastropods are one of the marine organisms of the phylum Mollusca which is widely spread. These organisms are able to adapt well to changes in environmental factors caused by the ocean tides, temperature and salinity [3] . Gastropods are molluscs having many defense mechanisms against their predators.
The chemical defenses of these sessile organisms are built through the secretion of strongly acidic substances, glandular secretions or inbuilt bioactive compounds of their metabolism [4] . They are regarded as one of the important sources to obtain bioactive A RT I C L E I N F O A B S T R AC T compounds such as antitumor, antimicrobial, anti-cytotoxic, antiinflammatory, antileukemia, antineoplastic and antioxidant [5] .
Some of marine gastropods are commercially exploited for food.
Certain species of the genus Cerithidea are commonly sold as seafood in Vietnam and other Asian countries [6] . They also have a high nutritional value, thus they are good to be used as a source of food. In addition to consumption, they have long been used as a medicinal ingredient, found to have antioxidant activity and anticancer activity [7] [8] [9] . The investigation of antidiabetic activity of Cerithidea obtusa (C. obtusa) extract was conducted in vitro.
Ingredients from marine sources are expected to be used as a therapeutic alternative to control blood glucose levels after eating.
This research aimed to study the possible effects of C. obtusa extract as antidiabetic and to screen the secondary metabolites presence.
Materials and methods

Collection of samples
Raw materials used in this study were C. obtusa obtained from Muara Angke market, Jakarta, Indonesia. The raw materials were brought to the laboratory alive, taken using cool box. The raw materials were then washed with clean water and separated for the shell, flesh and offal parts. Flesh part was then cut into small pieces to maximize the extraction process.
Extraction
Extraction was conducted by maceration method using single solvent, i.e. methanol (polar), ethyl acetate (semi-polar) and hexane (non-polar). The flesh of C. obtusa was weighed (75 g), then cut into small pieces, put in the Erlenmeyer flask.
Afterward, the sample was added with 225 mL of solvent, then the Erlenmeyer flask was covered with aluminium foil. The sample was macerated and stirred using a shaker for 24 h. Extract solution obtained was filtered with filter paper to separate the filtrate and the residue. The residue was resoaked with 225 mL of solvent for 24 h and filtered using filter paper, then the same process repeated. The filtrate was evaporated with rotary evaporator at 40 °C .
Antidiabetic assay
Antidiabetic activity was measured in vitro using α-glucosidase inhibition method [10] . About 1 mg of α-glucosidase enzyme was The percentage of α-glucosidase inhibition was determined using this equation:
Where B1 is the absorbance of the blank, B0 is the absorbance of the blank control, S1 is the absorbance of the sample and S0
is the absorbance of the sample control. The reaction system of α-glucosidase inhibition in this study was presented in Table 1 . Table 1 The reaction system of α-glucosidase inhibition. 
Detection of flavonoids
About 0.1 g of sample was added with 10 mL of hot water, boiled for 5 min, then filtered. About 10 mL filtrate was added with 0.5 g of Mg powder, 1 mL of concentrated HCl, and 1 mL of amyl alcohol. The mixture was vigorously shaken. Positive test was characterized by the emergence of red, yellow, or orange colors in the amyl alcohol layer [11] . 
Detection of phenol hydroquinone
Detection of steroids and triterpenoids
About 0.1 g of sample was added with 2 mL of chloroform in a test tube, then dripped into the drip plate, and allowed to dry. About 1 drop of Liebermann-Burchard reagent was added.
The formation of red color indicates the presence of triterpenoid compounds and the formation of blue or purple color indicates the presence of steroids [11] . 
Detection of saponins
Statistical analysis
The experimental design was conducted using completely randomized design with three replications. 
Results
Screening of antidiabetic activity
The screening result of antidiabetic activity was presented in 
Antidiabetic activity
Secondary metabolites screening
Secondary metabolites screening of the methanol extract of C. obtusa was presented in Table 2 . Based on Table 2 , the methanol extract of C. obtusa contained alkaloids, flavonoids, triterpenoids and saponins. potential as natural sources produce many bioactive coumponds such as antioxidant [13] , antidiabetic [4, 14] , antiinflammatory [14] and antibacterial [14, 15] . continue α-amylase work, which is further hydrolyze α-limit dextrins to glucose [16] . Inhibition of α-glucosidase work is based on the substrate breakdown to produce a colored product, in which its absorbance is measured during a specific time period. After being hydrolyzed, P-NPG substrate will turn into α-D-glucose and p-nitrophenol which has a yellow color. The resulting yellow color is an indicator of the inhibitor ability to inhibit the reaction. When the ability of inhibitor to inhibit α-glucosidase work is greater, the resulting yellow color of the solution will be paler compared to the solution without inhibitor [17] . Inhibition of carbohydrate hydrolysis enzymes such as α-glucosidase become an important strategy in the control of blood glucose levels in the therapeutics of type 2 diabetes.
Discussion
Based on the screening of antidiabetic activity of C. obtusa extract, the methanol extract of C. obtusa had the highest percentage of α-glucosidase inhibition compared with ethyl acetate extract and hexane extract of C. obtusa. This was supported with the research by Sadhasivam et al. [4] , which stated that the methanol extract of Aplysia sp. showed the highest α-amylase inhibitory activity at 93%, Bursatella leachii at 70.60% and Kalinga ornata at 49.03%, while on the acetone extract, α-amylase inhibitory activity showed the percentage below 10%. This suggested that α-glucosidase inhibitory activity of C. obtusa was active on polar compounds. Methanol is a polar compound that is widely used in the isolation of organic compounds from natural materials as it can dissolve the entire class of secondary metabolites [18] . So, the methanol extract was the best extract and can be used in the next step compared with acarbose as a positive control. In this study, acarbose as a α-glucosidase inhibitor was tested in vitro to inhibit the activity of α-glucosidase with the inhibition percentage at nearly 100% at a concentration of 10 mg/mL.
Acarbose is used to inhibit the enzyme that works to break down carbohydrates into glucose. Acarbose binds the enzyme reversibly and competitively. Acarbose's task is to inhibit the enzyme that works to hydrolyze polysaccharides in the small intestine. Acarbose does not stimulate insulin secretion by pancreatic β cells, thus it does not cause hypoglycemia unless it is given together with other oral hypoglycaemic drugs or with insulin [19] .
The compounds produced in C. obtusa extract were the yield of secondary metabolites. Secondary metabolites are compounds that are synthesized by living organisms not to meet their basic needs, but to withstand extreme environmental conditions. Several metabolites, in particular their structures and biological activities have been isolated from marine animals. These metabolite compounds have potential as a drug. Bioactive compounds that are interesting to be studied are generally isolated from marine sponges, jellyfish, coral reefs, mollusks, echinoderms and crustaceans.
Bioactive compounds that have been isolated from marine animals are steroids, terpenoids, isoprenoid, nonisoprenoid, quinone and nitrogen heterocycles [20] .
Several studies have reported the antidiabetic activity from secondary metabolites. Alkaloids may decrease the activity of transaminases and creatinine production in diabetic mice [21] .
Flavonoids are compounds known as α-glucosidase inhibitors. The mechanism of flavonoids inhibition against α-glucosidase enzyme is through bond hydroxylation and substitution on the ring β. This inhibitory principle produces hydrolysis of carbohydrates and delays glucose absorption and inhibits the metabolism of sucrose into glucose [22] . Flavonoids have been reported to have antiplatelet aggregation and aldose reductase inhibitory activities, which may have helped to reduce the severity of the diabetic syndrome [23] .
Flavonoid and triterpenoid could be responsible for the good clinical effects on type 2 diabetes through targeting oxidative stress and postprandial hyperglycemia [24] . It can be concluded that the presence of alkaloids, flavonoids and triterpenoids in methanol extract of C. obtusa might contribute to antidiabetic activity though its activity is still low when compared with acarbose.
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